Peritonitis (FIP), 1, 2, 3, 4 Feline Immunodeficiency Virus (FIV) and Feline Leukemia Virus (FeLV). 5 In clinical feline medicine it may also be used in the investigation of hyperproteinemias to differentiate monoclonal and polyclonal gammopathies. 6, 7 In humans, characteristic electrophoresis patterns have been found for a variety of conditions including acute inflammation, chronic inflammation and malignant tumors. 8 The protein fractions of serum are defined by the electrophoretic separation into albumin, which has the highest anodal mobility and the α−1, α−2 , β−1, β−2 and γ globulin fractions in order of decreasing anodal mobility. In the serum of normal cats, the globulin fractions have been subdivided further into α−1a, α−1b, α−2a, α−2b, β−1 and β−2 globulins by investigators using high resolution agarose electrophoresis systems, 9, 10 however, this is not routinely performed in diagnostic laboratories. Although the method has been used for many years, the identity of the proteins which comprise the globulin fractions in cats has not been extensively investigated and interpretation of the results of feline serum electrophoretograms has largely been in ignorance of the identity of the proteins found within each fraction. Immunoelectrophoresis of the plasma/serum of healthy cats has identified the location of some, but not all of the plasma/serum proteins on the electrophoretic profile. 11, 12 This technique is limited by the availability of appropriate species-specific antibodies. It is generally assumed that on SPE, the serum proteins in other mammals will behave similarly to those in human serum, where this technique has been characterized more fully. 13, 14 There has recently been a rapid development in the proteomic techniques which seek to identify proteins following separation from a complex mixture. This process involves the use of specific protein cleaving agents, usually trypsin, to generate a set of peptides that can be characterized by mass spectrometry. Separation of peptides by liquid chromatography, prior to mass spectrometry and tandem mass spectrometry can enable both amino acid composition and sequence to be inferred for many peptides. Matching of this data to in silico generated peptide and peptide fragmentation databases can allow identification of proteins of interest, providing that genome data is available. This tandem mass fingerprinting analysis (TMFA) approach can be used to characterize proteins separated by 1-Dimensional polyacrylamide gel electrophoresis (PAGE) and is often able to resolve components of bands that are detected by this technique. 15, 16 2-Dimensional PAGE allows even better separation of the individual proteins, resulting in more precise determination of the components in each feature (spot) after TMFA, however currently, neither technique is routinely used in clinical laboratories. 1-Dimensional agarose gel electrophoresis (the standard method of analysis for clinical samples with suspected dysproteinemia) results in less complete separation of the proteins hence each band is likely to contain a mixture of proteins. However, agarose gel electrophoresis does have some advantages such as reduced loss of highly charged or hydrophobic proteins which can occur during isoelectric focusing and therefore does have a valid role in proteomic analysis. Furthermore TMFA has recently been used to identify a prominent α-globulin peak on the SPE profile of birds.
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Lymphoma is the most common hemopoietic tumor in cats. 18 SPE has been used to identify monoclonal gammopathies in cats with lymphoma. 19, 20 It is likely that other abnormalities in the electrophoretic profile of cats with lymphoma occur, possibly due to changes in acute phase protein (APP) concentrations such as alpha 1-acid glycoprotein (AGP), 21, 22 however, no characteristic pattern has been described.
This study was designed to analyze the protein fractions from SPE in healthy cats and those with lymphoid neoplasia and identify if the globulin fractions are subject to consistent changes in relation to neoplasia. Proteomic analysis was used to identify the component proteins which make up the major fractions of feline serum following SPE on agarose gels and thus improve the interpretation/utility of feline electrophoretograms. Although bands were excised from both healthy cats, and lymphoma cats to increase the number of proteins identified in the study, the limitations in protein separation with agarose gels outlined above as well as the small number of cases analysed, meant that the comparison between healthy and lymphoma cats was incomplete and only very preliminary.
Materials and methods
Blood samples (3-5ml) investigations were performed at the discretion of the clinician. Samples from cats which had received chemotherapy prior to sampling were excluded from the study (n=2).
Blood was collected into serum tubes (Sarstedt AG & Co, Germany) and allowed to clot at room temperature (20-25°C) before separation of serum by centrifugation (J6-MI Centrifuge, Beckman
Coulter, Ireland) at 3000g for 5 minutes. The serum samples were stored at -20°C for up to 2 years before analysis when they were gently thawed, homogenized by vortexing and assayed.
The total protein concentration was determined by the biuret method using an automated analyzer (Olympus AU640, Olympus, USA) as previously described. 25 The protein calibrator was prepared from human serum (Olympus System calibrator 66300, Olympus Life Science Research Europa, Germany).
Electrophoresis was performed using an agarose gel electrophoresis system (The Paragon SPE Kit, Beckman Coulter, USA) according to the manufacturer's instructions except that to increase the protein concentration (in order to increased the sensitivity of the TMFA), the samples were not diluted prior to SPE. Four microliters of each serum sample were applied to preformed, numbered sample wells on the agarose gel. Each gel could accommodate up to 10 samples. Control serum Normality was assessed by visual inspection of box and whisker plots of the data. On this basis, non-parametric tests were used. The median ages, median number of electrophoretic peaks identified, median total protein and median absolute protein fraction concentrations (g/l) as well as APP concentrations were compared between the control cats and the lymphoma cats using a
Mann-Whitney U test. Significance was set at p<0.05. GraphPad Prism 5 for Windows (GraphPad Software Inc, USA) was used for statistical analyses.
The gels were examined and two control cats with unremarkable electrophoretograms were selected for TMFA. From these cats, bands corresponding to the identified globulin fractions (α−1a, α−1b, α−2a, α−2b, β−1, β−2 and γ) were excised for analysis by proteomics. The albumin fraction was also excised from one cat for further analysis although the main focus of the study was the globulins. In addition, all distinguishable globulin fractions (α−1a, α−1b, α−2, β and γ)
were individually excised from one cat with lymphoma. This cat's electrophoretogram was selected as it had no particularly strong bands on visual inspection of the gel, Four other significance and these four bands were also excised for proteomic analysis.
The excised gel bands were washed (with shaking) in 100 mM ammonium bicarbonate (GE Healthcare, UK) for 1 hour at room temperature, followed by a second wash in 50%
acetonitrile/100mM ammonium bicarbonate (GE Healthcare, UK). Proteins were reduced with 3 mM dithiothreitol in 100mM ammonium bicarbonate (GE Healthcare, UK) for 30 min at 60°C, Peptides identified with a MOWSE score greater than 48 (p<0.05) were included as this was the identity threshold above which identified parent proteins were considered valid. When proteins matched sequences from multiple species, only the species with the highest combined peptide MOWSE score was included in the table unless a match with a MOWSE score >48 with Felis catus was noted, when this was included instead.
Results

Animals
Serum was collected from 16 control cats based on unremarkable physical examinations but two were subsequently excluded for marked azotemia (n=1) or low total protein and albumin concentrations (n =1). All 14 included control cats were domestic shorthairs (DSH) with a median age of 4 years (age unknown for three cats, range 0.3 to 11 years) and all were FeLV and FIV negative.
Fourteen cats with confirmed lymphoid neoplasia were included in the study (2 additional cats were excluded as they had received chemotherapy prior to sampling). The median age of the lymphoma group was 8 years (range 0.67 to 16 years). Twelve cats were DSH, one was a domestic longhair and one was an oriental shorthair. The cats were presented for a variety of reasons including: lethargy (n=2), inappetance/anorexia (n=2), vomiting (n=3), a palpable abdominal mass (n=4), enlarged peripheral lymph nodes (n=3), dyspnoea (n=4), wheezing (n=1) and coughing (n=1). Five cats had more than one reason for presentation. Despite their heterogeneity in anatomical site and clinical presentation, all lymphomas were therefore considered high grade for clinical treatment.
There was no significant difference in the median age of the control and lymphoma groups (p=0.07). The median total protein results for the control group was 74.5g/l (range: 67.0 to 86.0g/l) and was not significantly different from the median total protein for the lymphoma group (74.5g/l, range: 53.0 to 89.0g/l). One cat in the lymphoma group (lymphoma cat 12, figure 2d) was hyperproteinemic (89g/l). APP measurements were obtained for all lymphoma cats and 11
(Hp and AGP) or 13 (SAA) control cats. Median Hp (5.0g/l) and AGP (1.4g/l) were significantly higher in the lymphoma cats (p=0.005, p=0.008) but SAA (median 1.6mg/l) was not significantly different (p=0.189) than in the control group in which the median concentrations were 1.6 g/l for Hp, 0.9 g/l for AGP and 1.2 mg/l for SAA..
Protein electrophoresis
Following densitometer scanning of the electrophoretograms, a minimum of 5 peaks (albumin, α-1, α-2, β and γ) were identified in each cat. In the majority of cats (24/28), α-1 globulins could be further divided into α-1a and -1b fractions. In seven cats, 8 peaks could be identified (albumin, α-1a, α-1b, α-2a, α-2b, β-1, β-2 and γ) (figure 1). There was no significant difference between the median number of peaks identified in the control cats (6 peaks) and the lymphoma cats (7 peaks On visual inspection of the gels, there were no consistent differences between lymphoma and control samples but bands with markedly increased intensity were noted in lymphoma cats in α globulin (1 sample), β globulin (2 samples) and γ globulin (1 sample) (bands N, O, P and Q, Figure 2 ).
Identification of proteins in agarose gel SPE
To identify the proteins present in the globulin fractions, 13 bands were cut from the agarose gels (lymphoma cat 10) suggesting the sample was hemolysed. This sample was slightly red-tinged on gross appearance.
Discussion
Serum protein electrophoresis
This study compared serum protein electrophoretic patterns from a group of normal cats to those from a group of untreated cats diagnosed with lymphoma. No consistent electrophoretic pattern of globulins was found in the cats with lymphoma but the lymphoma population studied was heterogeneous and so in retrospect, this might have been expected. Production of immunoglobulins is not common in feline lymphoma, except for some B cell cases or if secondary infection is present and so this may also have accounted for a lack of consistent differences. The relatively small number of cats may have contributed to insufficient power of the study making consistent changes difficult to determine.
Although the total number of identifiable electrophoretic peaks was not significantly different between the two groups, there was a significantly lower median absolute albumin concentration and higher median absolute concentration of β globulins in cats with lymphoma. Albumin is a negative acute phase protein and so the decrease in the lymphoma cats would be consistent with an acute phase response. A significant increase in the α-1 and α-2 globulins (fractions reported to contain positive acute phase proteins in people and cats, 11, 12, 13 ) in the lymphoma cats was not found however, despite the elevated concentration of Hp and AGP in lymphoma cats compared to controls on serum assays. This discrepancy may be because these proteins may not be easily detected by SPE on agarose gels or more likely, because these proteins represent only a small proportion of the overall α-globulins even when their concentration is dramatically increased. An alternative explanation for the lower median serum albumin in the lymphoma cats could be gastrointestinal or renal albumin loss (5 cases had gastrointestinal lymphoma with additional renal lesions in 1 of these cats) or reduced hepatic albumin production. Tests to assess these causes of reduced albumin were not performed in the majority of cases in this study. The significant elevation in β globulins in the lymphoma cats was attributed to two cats in particular which had very high total β globulins, despite total protein being normal. The proteomics results provide information as to the nature of these proteins and in one cat they were the result of hemolysis (cat 10) and in the other cat (cat 14) due to a band containing IgM heavy/constant chains. If the animal with hemolysis is excluded from the analysis (artefactual elevation), the median concentration of β-globulins is still significantly different in the lymphoma cats (P=0.031), however, if both are excluded, the difference is not significant. Further investigation with a larger number of cats would confirm whether a consistent elevation in median β-globulin concentration occurs in cats with lymphoma.
Proteomic analysis
Full proteomic analysis of the SPE fractions of 2 normal cats and one lymphoma cat was carried out to identify some of component proteins which make up the different globulin bands. As expected, multiple proteins were identified from each fraction even in a single cat, 27 ( ceruloplasmin. 28 Serum measurements of AGP and Hp revealed that both these APP were higher in the lymphoma cat population compared to controls, however, ceruloplasmin was not assayed.
Ceruloplasmin and Haptoglobin were also identified in band N (lymphoma cat 4) in the α2 region where they have previously been identified. 11, 13 A significant elevation of AGP but not Hp has been reported previously in lymphoma cats, 21 and elevations of AGP, 29, 30 and C-reactive protein CRP, 31, 32 In addition to these well known serum proteins, there was also the identification of a less well known protein, inter-α (globulin) inhibitor H4 in bands K, F, G, L and M (from both cats with and without lymphoma). This protein is known to be an acute phase protein in pigs, 34, 35 with the name of pig-MAP and is also known as plasma kallikrein-sensitive glycoprotein. It has also been identified in humans, 36,37 but has not been described in the cat. Discovery of this previously unsuspected protein from the feline SPE highlights one advantage of proteomics over immunoelectrophoresis since the latter can only be used to look for previously known proteins and only if an appropriate antibody exists. In most cases, the proteins were identified by proteomic analysis from bands excised from fractions in (or close to) the fractions in which they are expected to be found (table 3) . 11, 12, 13 Many proteins (eg serotransferrin and inter-α (globulin) inhibitor H4) were found to have a wider distribution across the SPE fractions than expected from the literature. 11, 12, 13, 14 This may reflect the presence of different protein isoforms (due to genetic variation or changes in protein glycosylation patterns, 4, 14 ) or of protein fragments (formed by storage, protein extraction or protein digestion) with different isoelectric points. The presence of albumin in the gamma fraction may be a result of precipitation of this protein at the application site ("X" figure 2) .
In each fraction, many proteins were identified in either the control cats or the lymphoma cat (table 3, figure 1 ), although these differences should not be given much emphasis, considering the preliminary nature of this study and the very few cases analysed. However, lack of detection of a protein in control or lymphoma cats may have been due to a refractory response to trypsin digestion and/or generation of peptides that ionize poorly. In the case of some proteins, the difference may be because they are only synthesized in either normal or lymphoma cats or their synthesis is up or down regulated in disease, eg the acute phase protein AGP, was only identified in the cat with lymphoma. It is also possible that these proteins were present in both affected and non-affected cats but due to the small number of cats in this preliminary comparison, the proteins were not matched in both types of case. Another possibility is that although the proteins were present in both types of cat, the protein migration differed and the proteins were identified in different fractions (eg IgG1 heavy chain).
The TMF analysis was particularly helpful in identifying constituent proteins of highly intense bands in the beta/gamma globulin region of three lymphoma cats (5, 10, 14) . In cat 10 (band O) hemoglobin proteins suggested hemolysis was the cause of this electrophoretic peak. In the other two cats (5 and 14, figure 3 ), immunoglobulins were identified (table 4 To conclude, this study has shown that feline lymphoma patients have lower median albumin concentrations and higher beta globulin concentrations than control cats but identified no consistent elevations in gamma globulins or characteristic electrophoretic patterns. It has established that the protein bands excised from SPE agarose gels can be identified by LC-MS and confirmed previous findings, 11 about the migration pattern of proteins found in the individual fractions following SPE of feline serum on agarose gels. Inter-α (globulin) inhibitor H4, a protein that has not previously been recognized in cats, was identified. 
